Summary &mdash; Northern red oak, Quercus rubra L, is a widely distributed forest-dominant tree in North America. In this paper, we present the results of 2 studies examining macrogeographic and finescale genetic structure in the North American oak species Quercus rubra L. The first study used allozymes as genetic markers to examine the distribution of genetic variation within and among 10 
INTRODUCTION
The distribution of genetic variability in a species is the outcome of gene flow, natural and artificial selection and genetic drift. Among wind-pollinated tree species, we expect widespread gene flow within and among populations (Loveless and Hamrick, 1984) and opportunities for genetic drift to be minimal. However, population differentiation and subdivision will occur if either pollen or seed dispersal is restricted or natural selection on a local scale is strong (Slatkin, 1973; Endler, 1977) . Populations which occur in heterogeneous environments may be susceptible to locally varying selection pressures which could cause genetic subdivision of local populations (Wright, 1943) . The extent to which population subdivision occurs in tree populations is valuable to know because the spatial scale of genetic differentiation may influence the evolutionary dynamics of the populations.
Northern red oak, Quercus rubra L, is a major forest-dominant tree species in North American deciduous forests (Braun, 1950) . It is widely-distributed, ranging from southern Quebec and Ontario south to northern Florida, and from the eastern edges of Texas, Oklahoma and Kansas up through Iowa east to southeastern Minnesota (Schopmeyer, 1974) . In this paper, we present the results of 2 studies examining macrogeographic and fine-scale genetic structure in the North American oak species Q rubra L. The first study used allozymes as genetic markers to examine the distribution of genetic variation within and among 10 widely distributed populations. A frequently-used method of describing genetic structure is hierarchical Fstatistics analysis (Wright, 1951 (Wright, , 1965 .
These statistics describe the extent to which genetic variation is distributed within the total population (F it ), among subpopulations (F st ) and among individuals within subpopulations (F is ). F st or G st , a similar index derived by Nei (1973) , provide a measure of genetic differentiation among subpopulations.
In the second study, we evaluated finescale genetic structure of northern and oak in a single forest site in Missouri, USA. First, we examined genetic structure within a location among adjacent subpopulations of Q rubra using F-statistics. If such structure exists, it suggests that differential selection may be responsible because gene flow is not likely to be restricted in this wind-pollinated species (Sork, unpublished data) . Because F-statistics are not always sensitive enough to detect patterns of genetic patchiness, especially within the subpopulation (Heywood, 1991) , we also used spatial autocorrelation statistics. These have been proposed as a means of identifying the scale of genetic structure without prior knowledge about that scale (Sokal and Oden, 1978; Epperson and Clegg, 1986 ; but see Slatkin and Arter, 1991) .
MATERIALS AND METHODS
The sampling sites for the macrogeographical study were 10 locations situated in the midwest- (Hampe, 1984 (Mitton et al, 1977) , modified to 10% polyvinylpyrrolidone (Manos and Fairbrothers, 1987) . The recipes for all enzymes were modified from Soltis et al (1983) .
We used buffer system 1 from Soltis et al (1983) (Haufler, 1985) was used for fluorescent esterase (FES, EC 3.1.1-) and leucine-amino-peptidase (LAP, EC 3.4.11.1). All these enzymes have shown inheritance patterns consistent with an interpretation of Mendelian inheritance.
The F-statistics and genetic descriptive statistics for the 10 widely distributed populations and the 4 subpopulations within the intensive study plot were calculated using the program, BIOSYS-1 (Swofford and Selander, 1981) . We used 15 loci for the macrogeographic analysis of genetic diversity and 11 polymorphic loci (0.99 level) for the estimation of F-statistics for both studies. For the spatial autocorrelation (SA) analysis of Q rubra, we selected the 3 most variable isozyme loci. The SA analysis was done using the program of Heywood (Dewey and Heywood, 1988 (Sokal and Oden, 1978) , which varies between + 1 (complete positive autocorrelation) and -1 (complete negative autocorrelation) for any comparison of 2 individuals.
We used 3 methods to calculate Moran's I: nearest-neighbor maps which compare only 2 individuals, Gabriel-connected maps which compare several neighboring individuals, and correlograms which examine all pairs of individuals within a specified distance class as a function of distance class. This latter method provides insight about the scale of genetic structure if it exists within the distance classes examined (for a more detailed description of these methods, see Sokal and Oden, 1978 (Mitton, 1983) . However, our values are similar to those found in Q gambelii and Q macrocarpa (Schnabel and Hamrick, 1990a) and 18 other North American oak species (Guttman and Weigt, 1989) . In contrast, a mean heterozygosity of 0.081 was observed for 7 species of oaks in New Jersey, USA (Manos and Fairbrothers, 1987) Our additional analysis of fine-scale genetic structure using spatial autocorrelation analysis on 3 loci (table IV) suggests that structure may exist on a scale smaller than the microhabitat. We found that PER-1 and FEST-2 had positive SA for both the Gabriel-connected map and the nearestneighbor map at all 6 alleles (table IV) . Moreover, Moran's I was significantly greater than 0 for 2 alleles of PER-1 using the Gabriel-connected map and 1 allele of PER-1 and 2 alleles of FEST-2 using the nearest-neighbor map. Although the Gabriel-connected map provides a more powerful test of SA due to the greater number of connections (Dewey and Heywood, 1988) (Sork, 1984) .
While it is also possible that acorns may be dispersed by birds at greater distances, if a large proportion of the acorn crop falls beneath the canopy or is removed only short distances by mammals, local family clusters may result. The spatial autocorrelation observed in this study is consistent with that scenario. Family clusters resulting from restricted seed dispersal have also been proposed for ponderosa pine (Linhart et al, 1981) .
Our finding of significant spatial autocorrelation is similar to that found in Gleditsia triacanthos where the occurrence of significant autocorrelation at several loci for sampled juveniles indicates genetic substructuring that also might be due to family clusters (Schnabel and Hamrick, 1990b 
